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(1) pH4.5に調製したリン酸酸性 2%(w/v)フッ化ナトリウム溶液（以下APFとする）  
フッ化ナトリウム（試薬特級，和光純薬工業）の 2%(w/v)水溶液を調製したも
のに，正リン酸（試薬特級，和光純薬工業）を加えて pH4.5(±0.05)に調製した. 

















よび 60℃（60℃群）の恒温槽中で 2 時間保存した後，ポリスチレン製スクリュー管
瓶中に，37℃群には 37℃の恒温槽中で保存した薬液を，60℃群には 60℃の恒温槽中
で保存した薬液を，それぞれ 3.0ml 注入し，試料の破断面から 2.5mm の部位までを














間歇法は，15 分間薬液に浸漬させた後に薬液のみを廃棄し，試料は洗浄せずに 3 分







NiTi ファイルの試料 40 本を 10 本ずつの 4 群に分け，AN 群として APF に計 1.5
時間浸漬させた後，NCNに計 1.5時間浸漬させた群，NA群として NCNに計 1.5時
間浸漬させた後，APFに計 1.5 時間浸漬させた群， A群として APFのみに計 3時間






























結  果 
 
1．薬液温度が腐食溶解に及ぼす影響 
APFにおいて，浸漬 3時間後では 37℃群は 95.9%に，60℃群は 93.5%に重量が減
少し，その差は 2.4%であった． NCNにおいては，37℃群では 97.1%に，60℃群で
は 94.1%に重量が減少し，その差は 3.0%であった（Fig.2）．コントロールにおいて
は，いずれの温度でも重量の変化は認められなかった．APF，NCN とも薬液温度の
上昇により重量の変化率が大きくなり，Unpaired Student’s t-test 法によって薬液温
度間で統計学的有意差が認められた(p<0.05)． 














APFでは，連続法は 93.5%に，間歇法は 91.6%に重量が減少し，その差が 1.9%で












APF と NCN，2 種類の薬液を組み合わせた浸漬方法において，A 群は 91.6%に，N
群は 89.4%に，NA 群は 93.9%に，AN 群は 77.4%に重量が減少し，AN 群において
最も減少量が大きかった．Non-repeated measures ANOVA法による検定後，有意水
準 5%で Student-Newman-Keuls検定により多重比較を行った結果，AN群は他条件

















は，Ti と比較し，Ni と O が多く認められた（Fig.11）．定量分析では，Ni の重量パ
ーセントは，非腐食面，腐食面ともに変化がないのに対し，非腐食面における Ti の
重量パーセントは 37.2 wt%，腐食面における Tiの重量パーセントは 7.8 wt%と著明
に低かった（Table1）．また，試料を浸漬した残留薬液には，沈殿物等は認められな





と比較し，Ti と O が多く認められた（Fig.12）．定量分析では，Ti の重量パーセン
トは，非腐食面，腐食面ともに変化がないのに対し，非腐食面における Ni の重量パ
ーセントは 46.3 wt%，腐食面における Niの重量パーセントは 11.6 wt%と著明に低
かった（Table3）．試料を浸漬した残留薬液中には，ファイルの崩壊に伴い黒色の腐
食生成物が多くみられ（Fig.13），メンブレンフィルターにて濾過して薬液と沈殿物
に分け，分析を行った結果，ICP による残留薬液の Ni 及び Ti の定性定量分析では，
Niは 0.5mg/L未満，Ti は 0.1mg/L未満であった（Table2）．しかし，EPMAによる












































































































































































になる 57,58)．このように，pHが低下するとわずかな量の F-でも Tiは腐食する．さら
に，Tiは F-によって安定なフルオロ錯体（TiF62-）を作るため，フルオロ錯体の状態
で Tiは溶液中に溶出すると考えられる．この結果，元素マッピングにみられるよう
































































































3. 元素マッピングおよび定性定量分析から APFと NCNでの腐食メカニズムの
違いが確認された． 
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Purpose: Nickel-titanium (NiTi) rotary files have been shown to be effective for 
root canal preparation due to their superelastic mechanical properties; they can 
sometimes fracture in the root canal. Nevertheless, few studies have examined 
removal of file fragments, and a method for removing files that have fractured in 
the root canal has yet to be firmly established. In an attempt to establish a simple 
method for removing NiTi file fragments by corrosion with a chemical solution, we 
previously conducted basic studies in which we corroded file fragments with 
different solutions. In the present study, we analyzed the mechanisms for NiTi file 
fragment corrosion action by two chemical solutions and examined the effects of 
different solution temperatures, immersion methods, and interactions between 
the two types of solutions on dissolution to reduce dissolution time. 
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Materials and Methods: The NiTi rotary files used were #25 F2 ProTaper® 
(Dentsply, Maillefer, Switzerland). The two chemical solutions were APF, 
composed of 2% (w/v) sodium fluoride (pH of 4.5) + phosphoric acid, and NCN, 
composed of 10% (w/v) sodium hypochlorite + 19% (w/v) sodium chloride. 
Deionized water was used as a control solution. Corrosion mechanisms were 
analyzed both by SEI observation and elemental mapping with an X-ray micro 
analyzer and by quantitative and qualitative analysis with an electron probe 
microanalyzer. To examine the effects on dissolution by corrosion, we looked at 
effects of the following: (1) solution temperature; (2) method of immersion in the 
solution; and (3) interactions between the two types of solutions. Dissolution 
progress was calculated by measuring the differences in weight from before 




Results: Elemental analysis revealed that Ti dissolution was greater in APF and 
that Ni dissolution was greater in NCN, thereby suggesting different corrosion 
mechanisms in the two solutions. In addition, corrosion progressed faster with 
higher solution temperatures and intermittent as opposed to continuous 
immersion in the solution. For solution interaction, dissolution was fastest when 
the fragment was immersed in NCN after APF. 
Conclusions: We confirmed that the corrosion mechanism differed for APF and 
NCN. Dissolution of NiTi file fragments by corrosion can be accelerated by 
elevating the solution temperature, immersing the fragment in the solution 
intermittently, and utilizing the interaction between the two kinds of solutions. 
 
Key words：nickel-titanium file, corrosion, removal 
 








Quantitative and qualitative analysis of specimens 
immersed in APF for 3 hours with an electron probe micro 
analyzer. 
 
Ni Ti O C total 
mean 46.4 37.2 2.0 0.5 86.1 
SD 0.4 0.7 0.4 0.5 1.3 
mean 43.6 7.8 3.0 3.0 57.5 












 <0.1*  
(mg/L) 
Table 2 
Quantitative ICP analysis of each 
residual solutions  for 3 hours. 
Table2 
鈴木↑ 







Ni Ti O C total 
mean 46.3 37.8 3.4 0.3 87.8 
SD 0.3 0.1 0.2 0.2 0.6 
mean 11.6 33.6 18.5 2.5 66.1 
SD 5.3 4.6 4.5 1.5 5.4 
Table 3 
Quantitative and qualitative analysis of specimens 





Quantitative and qualitative 
analysis of  corrosion product of 
specimens immersed in NCN 





























































































































Fig.1 Setup of specimens for immersion examination: 
NiTi endodontic files were made to rotate and separated at a point 
5.0mm from the tip. The files were immersed 2.5mm from broken edge 
in APF, NCN or control. 
 
Fig.2 Weight change of specimens immersed in each solutions at 37℃ and 
60℃ for 3 hours. 
 
Fig.3 SEI observation of specimens immersed in APF at 37℃ and 60℃ for 3 
hours (×20, ×100, ×600). 
 
Fig.4 SEI observation of specimens immersed in NCN at 37℃ and 60℃ for 3 
hours (×20, ×100, ×600). 
 
Fig.5 Weight change of specimens immersed in each solutions by 
continuously and intermittently method for 3 hours.  
 
Fig.6 SEI observation of specimens immersed in APF by continuously and 
intermittently method for 3 hours (×20, ×100, ×600).  
 Fig.7 SEI observation of specimens immersed in NCN by continuously and 
intermittently method for 3 hours (×20, ×100, ×600).  
 
Fig.8 Weight change of specimens immersed in each groups for 3 hours. 
Same letters indicate no significant difference between groups at 
p>0.05. 
 
Fig.9 SEI observation of specimens immersed in each groups for 3 hours. 
(×20, ×100, ×600).  
 
Fig.10 BEI observation of specimens immersed in APF, NCN with X-ray 
micro analyzer (×50, ×400, ×2000). 
 
Fig.11 Elemental mapping of specimens immersed in APF for 3 hours with 
X-ray micro analyzer (×2000). 
 
Fig.12 Elemental mapping of specimens immersed in NCN for 3 hours with 
X-ray micro analyzer (×2000). 
 
Fig.13 SEI observation of corrosion product of specimens immersed in NCN 
for 3 hours (×200). 
 
